Background and Purpose-Antiplatelets are frequently used during or after endovascular coiling of aneurysm in patients with subarachnoid hemorrhage (SAH). This strategy is based on uncontrolled case series including also patients with unruptured aneurysms or other lesions. We collected data on effectiveness of antiplatelets in patients with SAH. Methods-All 43 participating centers in the International Subarachnoid Aneurysm Trial (ISAT) were sent a questionnaire whether they never, sometimes, or always prescribed antiplatelets during or after coiling. Based on individual patient data, the relative risks (RRs) of coiling versus clipping were calculated separately for patients treated in hospitals with standard prescription during or after coiling versus patients treated in hospitals with no standard prescription of antiplatelets. We calculated ratios of RRs for standard versus not standard prescription of antiplatelets during coiling and for standard versus not standard prescription after coiling. Results-Nineteen centers responded, representing 1422 (66%) of the 2143 ISAT patients. Antiplatelets were standard prescribed during coiling in 2 responding centers (8% of coiled patients) and after coiling in 6 centers (24% 
ndovascular treatment of aneurysms carries a risk of thromboembolic complications. 1 Antiplatelets may prevent such complications 2 and are therefore used in some but not all centers during or after endovascular embolization of cerebral aneurysms. Most data on this strategy comes from uncontrolled case series that included patients with a mixed bag of lesions, such as ruptured aneurysms, unruptured aneurysms, and AVM's, and often also several endovascular strategies other than coiling. Thus, there is very little data on the effectiveness of antiplatelets in patients with aneurysmal subarachnoid hemorrhage (SAH). A Cochrane review on the use of antiplatelets after SAH showed a trend toward a better outcome in patients treated with antiplatelets, 3 but in most patients included in the review the aneurysm had been treated by surgical clipping. In only one trial, which used acetylsalicylic acid as antiplatelet agent, part of the patients had been treated by endovascular embolization. 4 Analysis of this subset of 52 patients showed a relative risk of 0.7 for death or dependence in favor of acetylsalicylic acid, but the 95% confidence interval was wide and ranged from 0.2 to 2.9. 5 The results of the International Subarachnoid Aneurysm Trial (ISAT) indicate that in patients with ruptured intracranial aneurysms suitable for both treatments, coiling of the aneurysm is more likely to result in survival free of disability 1 year after the SAH than neurosurgical clipping. 6 If indeed antiplatelets improve outcome after SAH, the better outcome after coiling observed in ISAT may in part be explained by the use of antiplatelet after coiling in some of the participating centers, because antiplatelets are typically not prescribed after neurosurgical treatment.
The purpose of this study was to assess whether the benefit of endovascular treatment, compared to neurosurgical clipping, is influenced by use of antiplatelets after coiling. We therefore compared in patients treated within ISAT whether the reduction in poor outcome by coiling is greater when antiplatelets are standard used during or after coiling than when antiplatelets are not standard used.
Patients and Methods
The ISAT trial enrolled 2143 patients with ruptured intracranial aneurysms and randomly assigned them to neurosurgical clipping (nϭ1070) or endovascular treatment by detachable platinum coils (nϭ1073). Recruitment started in 1997 and stopped at May 2, 2002. The results of this study were published previously. 6 In 2007 all 43 participating centers in ISAT were sent a questionnaire whether they had never, sometimes, or always used antiplatelets during or after endovascular embolization during ISAT, and if so, which agent, which dose, and for how long. The results of this questionnaire were combined with the data in the ISAT database.
We recorded age, gender, clinical grade on the World Federation of Neurological Surgeons (WFNS) grading scale, 7 and amount of blood on the initial CT scan by means of the Fisher score. 8, 9 The occurrence of delayed ischemic neurological deficit was based on a positive answer at the questionnaire if vasospasm or a thromboembolic complication has occurred. Poor outcome was defined as a modified Rankin score equal or larger than 3. 10 Analyses were performed for actual treatment with neurosurgical clipping or endovascular coiling instead of allocation to treatment. Relative risks (RR) for endovascular coiling compared with neurosurgical clipping for poor outcome after 2 months and 1 year were calculated based on the individual patient data of ISAT. The RRs of coiling versus clipping were calculated separately for patients treated in hospitals that used antiplatelets as a standard during or after coiling versus patients treated in hospitals that used antiplatelets never or sometimes. Separate analyses were performed for the use of antiplatelets during and after coiling.
If the RRs for coiling versus clipping were similar for patients treated in hospitals with standard prescription of antiplatelets and patients treated in hospitals not standard prescribing antiplatelets during or after coiling, than no effect of antiplatelets is assumed. To assess the extent of the difference in relative risks between hospitals that did standard prescribe antiplatelets versus those that did not, we calculated ratios of RRs with corresponding probability values by means of logistic regression. A ratio below 1 implicates that patients benefit from the standard use of antiplatelets during or after endovascular coiling.
We performed a subanalysis for patients with aneurysm treatment within 4 days after the SAH. We also calculated RRs and subsequent ratios of RR's of coiling versus clipping for patients treated in hospitals that used antiplatelets as a standard or sometimes during or after coiling versus patients treated in hospitals that never used antiplatelets. The main reason for this secondary outcome measurement was to perform a sensitivity analysis.
Results
Nineteen of the 43 centers responded, representing 1422 (66%) of the 2143 patients originally randomized for ISAT. Of those 1422 patients, 720 underwent endovascular coiling and 675 neurosurgical clipping (Figure) . The baseline characteristics of the 1395 patients who actually underwent aneurysm treatment are shown in Table 1 .
No antiplatelets were prescribed after neurosurgical clipping in any of the responding centers. According to the questionnaire, standard prescription of antiplatelets during coiling was done in 2 of the 19 responding centers, which comprised 8% of the coiled patients in the responding centers. Standard prescription of antiplatelets after coiling was done in 6 centers, representing 24% of the research population (Table 2) . Of the 9 centers that reported to prescribe always or sometimes antiplatelets during embolization, 7 used acetylsalicylic acid (75 to 1000 mg p.o. or intravenous) and 2 abciximab (as an intravenous bolus of 250 micrograms per kilogram of body weight). All 18 centers that reported to prescribe antiplatelets after embolization used acetylsalicylic acid (75 to 325 mg p.o.) for a period ranging from 2 weeks to 6 months. Two centers reported to add clopidogrel (375 mg p.o.) to aspirin when a stent had been used. In the subset of patients treated in the centers that responded to the questionnaire, the RR of poor outcome for patients treated with endovascular coiling versus those treated with neurosurgical clipping was 0.67 (0.57 to 0.79) after 2 months and 0.74 (0.62 to 0.89) after 1 year (Table 3) , which is essentially the same as the overall results of ISAT. The relative risk ratio for poor outcome of standard use of antiplatelets during coiling was 1.24 (Pϭ0.56) after 2 months and 1.01 (Pϭ0.89) after 1 year. The relative risk ratios for poor outcome of antiplatelets after coiling were 1.23 (Pϭ0.44) after 2 months and 1.00 (Pϭ0.77) after 1 year. When the analyses were restricted to patients with aneurysm treatment within 4 days (nϭ893 of which 403 with endovascular coiling) the results remained essentially the same.
The secondary analysis comparing coiling versus clipping for patients treated in hospitals that always or sometimes used antiplatelets during coiling versus patients treated in hospitals that never used antiplatelets during coiling showed a relative risk ratio for poor outcome after coiling of 1.13 (Pϭ0.27) after 2 months and 1.19 (Pϭ0.77) after 1 year. The relative RRs for use of antiplatelets after coiling could not be performed because only 1 center representing 1 patient reported never to use antiplatelets after coiling (data not shown).
Discussion
The results provide no support for the hypothesis that the beneficial effect of coiling after SAH over surgical clipping can be attributed to the standard prescription of antiplatelets during or after the endovascular procedure. Similarly, the results do not support the use of antiplatelets during or after coiling of ruptured aneurysms.
The major limitation of this study is that it is a posthoc analysis of a subset of the ISAT study population, which is not an ideal method to evaluate whether a policy of prescribing antiplatelets after coiling of intracranial aneurysms improves outcome in SAH. However, it is unlikely that a randomized controlled trial will ever be performed to answer this question, so we must rely on less robust evidence. Profiting from variations in care attributable to local "tradition" is a very reasonable opportunity to evaluate the efficacy of treatments, because it almost mimics the design of cluster randomized controlled trials.
Although less than half the centers responded to the questionnaire, these centers contributed 66% of the patients enrolled in ISAT. The primary outcome for this subgroup of patients is essentially the same as that for all patients randomized for the ISAT trial, which suggest that this subgroup is representative for the overall ISAT population.
A relative large proportion of responding centers indicated that they "sometimes" prescribed antiplatelets during or after coiling, which means that in the subgroup of patients who had no-standard prescription of antiplatelets, some in fact did use antiplatelets. The antiplatelet treatment contrast thus diminished. However, in the ISAT study, the overall reported coil migration and thromboembolic complications during coiling, which was presumably the indication for the use of antiplatelets in most instances in centers that sometimes used antiplatelets, was less than 2%. Interestingly, in the centers that reported to prescribe antiplatelets as a standard during endovascular coiling no thromboembolic problems were reported. The occurrence of thromboembolic problems during endovascular coiling, however, had no statistical significant effect on outcome. Moreover, the sensitivity analyses comparing always versus never or sometimes use of antiplatelets also showed no effect on outcome in favor of antiplatelets, thus making the primary results more valid.
In only two-thirds of patients aneurysm treatment was performed within 4 days after the SAH. Initiation of antiplatelet treatment after that period is less likely to have an effect on outcome by preventing thromboembolic complications or delayed ischemic neurological deficit. However, in the subgroup of patients with aneurysm treatment within 4 days the results do not differ from the overall results, indicating that timing of aneurysm treatment did not influence the results. Patients randomized for ISAT had a relatively good clinical condition at the time of randomization. The results of this study can thus not be extrapolated to the increasing number of patients with early aneurysm treatment despite a poor clinical condition. 
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Our analyses provide no evidence that the standard prescription of antiplatelets during or after endovascular coiling further improve outcome after 2 months or 1 year. There is also no indication that the use of antiplatelets has a negative effect on outcome, eg, by an increased risk of intracranial bleeding complications as has been the case with enoxaparin after surgical occlusion of ruptured aneurysms. 11 In conclusion there is no indication that the use of antiplatelets during or after endovascular coiling explains the positive findings of ISAT for coiling.
